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Ihin a cohort af patients referred for ekctive traduminal 
coronary an&p&ty, a subset of patients was evaluated to 
&ten&K wbetherrev8sc&arizatioo using cofonary an* 
plasty c&d salvage rhr&caily is&e& myocardium. 
Reverslbk chronic isrhemii left ve&icstar dysfunction 
was i&tit&d by a severe wall matim abtrordty at rest 
andatfeastoneoft!kefoWwii:1)persistentangina 
pectoriq 2) postextrasystok veRtricularcolltrdoa poten- 
tiaticm Of motiotl in tlte asynergk zone 011 basebe ventric- 
&gram; and 3) thdlimn-al uptake ia the myner& zone. 
Twelve patients were identitkst as having lwersibk chraic 
isekcllliadttRdorrrcltteorosSry~~y.~~ 
~wpsO*11yclrrsolddurstianotsymptolas8.3~9.7 
weeks.ImnK!diipre-~po&ail~krtverrtrieufo- 
gams were &t&cd. Regbal wnll &ion was PItslyzed 
tingara&laxismde!,andgtabaiejectionfractionwas 
cakulated. 
Previous studies have shown that regional myocardial dys- 
function, observed during acute ischemic syndromes, im- 
proves after coronary blood flow is restored by percutaneous 
coronary angioplasty. In the setting of preinfarction angina 
(I) and in the first few hours of acute myocardial infarction 
(2). reperfusion with coronary angioplasty has resulted in 
improvement in ventricular function. In contrast, the impact 
of revascularization in patients with chronic left ventricular 
dysfunction remains unsettled. Whereas there have been 
several reports (3-5) suggesting that complete revasculariza- 
tion with coronary artery bypass surgery improves regional 
wall motion in some patients with chronic wall motion 
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abnormalities, there is no assessment of the role of coronary 
angioplasty in this setting. In this study, we used immediate 
pre- and postangioplasty left ventriculography to prospec- 
tively assess the impact of sngioplasty on chronic segmental 
wall motion abnormalities observed at rest in I2 patients. 
Methods 
Study pat&@. This study was undertaken after we ob- 
served n patient who experienced a dramatic improvement in 
region%, wall m ‘ion in the anterolateral ventricular seg- 
ments after successful coronary angioplasty of a severe 
stenosis of the left anterior descending coronary artery. On 
the basis of the features in this index case, several clinical 
criteria were applied to identify those patients with large left 
ventricular wall motion abnormalities on diagnostic cardiac 
catheterization who may have had chronic reversible isch- 
emit dysfunction. These criteria were: I) recurring episodes 
of angina pectoris associated with electrocardiographic 
(ECGI changes or relieved by nitroglycerin; 2) an exercise 
0735.1097@863.50 
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Table 1. Clinical Characteristics of I2 Patients 
Age Folfow- 
(yr) Prior Angina Up 
8r MI Sx Dur ArWiCS AliCriCS During Duration 
Patient Sex (wk) Symptoms (wk) Medication ECG Narrowed Dilated PTCA (months) Follow-Up Events 
No 51 
Yts 47 
Yes 44 
Yes 32 
Yes 19 
Repeat PTCA after 4 
months CABG after 
22 months 
Asymptomatic 
Repeat PTCA aflcr 18 
months; asymptomalic 
since 
Repeat FITA after 5 
months; asymptomalic 
sinee 
Asymptomatic 
I 60M Yes AP 1.5 Nitrlca bl. Q in II. 111. Vs. RCA, LCx RCA 
(20) CtiF dig/diur V, LAD 
2 71M No AP 16 Nitr/ca hl. diur NSR, wnI LAD, LCx LAD, LCx 
3 46M Yes AP 32 Beta bl, nit&a Q in V,-V, LAD, LCx LAD, LCx 
(32) bl. diur RCA 
AP 2 Ca bl, diur LAD. RCA LAD 
5 69M Yes AP 6 Nitr/ca bl. 
(6) CHF dig/dim 
6 75M Yes IXF I2 NitrIca bl. 
(4) AP dig/diur 
7 5OM Yes CHF I6 Digldiur nitr 
8 65F Yes AP 2 Nilr/ca bl 
(8) 
9 43M Yes AP I6 Nitr/ca bI 
(16) 
IO 67F Yes AP I.5 Nitr/ca bl, diur 
(12) CHF 
II 59M Yes AP 2 Ni1rlca bl, 
(2) bc!a bl 
12 7lM ‘[es AP 2 Nitr/ca bl. 
(2) beta bl 
Q in II, Ill, 
AVF 
poor R waves 
LAD, RCA LAD, RCA 
LAD 
LAD 
LAD 
RCA, LCx 
LCX 
LAD 
LAD 
LAD, RCA 
LCX 
LAD, RCA 
LCX 
LAD 
No I7 Sudden death 
Q in Ill. AVF Yes I7 
NSSTA’s poor 
R-waves 
NSSTA’s 
No Asymp1omatic 
RCA, LCx NO 8 
NSSTA’s LCx* YCS Asymptomatic 
NSSTA’s poor 
R waves 
Q in V,-V, 
LAD Yes 6 Asymptomatic 
LAD NO Asymplomatic 
??Palicnl with a left dominant coronary circulation. AP = angina pectoris: beta bl = beta-adrenergic blocker; CABG = coronary artery bypass grafting: ca 
bl = calcium channel blacker; CHF = congestive heart failure: dig = digoxin: diur = diuretic; F = female; LAD = left anterior descending coronary artery; LCx 
= left circumtlex coronary artery; M = male; Ml = myocardial infarction; Nitr := nitrates; NSR = normal sinus rhythm; NSSTA’s = nonspecific ST-T wave 
changes; FTCA = percutaneous lransluminal coronary angioplasly; RCA = righl #coronary artery; Sx Dur = duration of symptoms; wnl = within normal limits. 
and rest thallium-201 scan showing uptake of isotope in the 
asynergic zone; 3) evidence of postextrasystolic ventricular 
contraction potentiation in the wall motion of the asynergic 
zone. 
Over the course of 4.5 years, 1,268 consecutive patients 
were referred for elective transluminal coronary angioplasty. 
At the time of angioplasty, 697 patients (55%) had a normal 
left ventriculogram, 355 (28%) had an acute coronary syn- 
drome (unstable angina, acute myocardial infarction or 
postinfarction angina) and 216 (17%) had baseline left ven- 
tricular wall motion abnormalities but did not have an acute 
coronary syndrome at the time of the preangioplasty diag- 
nostic catheterization. Of the 216 patients with presumably 
“chronic” wall motion abnormalities, I27 (5%) had a wall 
motion abnormality in segments other than those subtended 
by the vessel being dilated or subtended by a chronic total 
occlusion, 46 (21%) were status postcoronary bypass sur- 
gery and 43 (20?@ had a wall motion abnormality in segments 
subtended by the vessel being dilated and which had ~100% 
stenosis, 
From these 43 eligible patients, 28 (65%) were not en- 
rolled in this study because of physician or patient refusal. 
Fifteen (35%) of the 43 patients had chronic wal! motion 
abnormalities and at least one of the previously mentioned 
criteria suggestive of reversible ischemia. However, three of 
these patients were excluded from further analysis: in two of 
these three patients, angioplasty was unsuccessful and they 
were referred for bypass surgery with postoperative im- 
provement in ventricular function, and in one a postangio- 
plasty left ventriculogram was not done because an excess of 
contrast material had been used during the angioplasty. The 
remaining 12 patients had assessment of left ventricular 
function immediately before and immediately after angio- 
plasty and constitute the study population. Patients with a 
chronic total occlusion were not included in this study 
because of the relatively low success rate (50%) of crossing 
such a lesion. 
Clinical and angiographic characteristics (Table 1). There 
were IO men and 2 women ranging in age from 43 to 75 years 
(mean 63 f I I). Ten of the 12 patients had prior myocardial 
infarction documented by serial creatine kinase analysis, and 
5 of these 10 had Q waves on the ECG. Typical nitroglycer- 
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in-responsive angina pectoris was the main symptom m IO of ventricular enddiastolic pressure were measured with fluid- 
the 12 patients at the time of their referral for angioplasty. glling tubing and Statham P23Db pressure transducers. 
Three of these 10 patients also had pulmonary congestion Left ventricular gfobal and regional wd! m&en analysis. 
and were being treated with digoxin or a diuretic or both; 2 Uniplane left ventriculography was performed at the begin- 
had postextrasystolic ventricular contraction potentiation in ning of the angioplasty after nifedipine and intravenous 
the area of their wall motion abnormality, and I had thal- nitroglycerin were administered, and 5 min after the angio- 
hum-201 uptake in the asynergic zone. Congestive heart plasty balloon and guiding catheter were withdrawn at the 
failure was the main symptom in 2 of the 12 pai,snts. and end of angioplasty. The injections w?re performed at the 
they were being treated with digoxin and a diuretic. In these same angulation and height .n the table. In two patients 
two patients it was believed that the severe systolic dysfunc- (Cases 1 and 4). a third ventriculogram was performed about 
tion was partially due to reversible chronic ischemia because 4 months after the initial angioplasty and was included in this 
one patient (Case 6) also had nitroglycerin-responsive angina analysis. A DiasonicslFischer digital subtraction imaging 
pectoris, and the second patient (Case 7) had postextrasys- system was useg for creation and analysis of the left ven- 
tolic ventricular contraction potentiation in the asynergic tricular images obtained in the right anterior oblique view by 
zone. injection of 40 ml of Renogratin 38% contrast medium 
The duration of symptoms culminating in diagnostic directly into the left ventricle. This analysis was performed 
cardiac catheterization ranged from 1.5 to 32 weeks (mean by an observer (X-F.1 who was unaware of the purpose of 
8.3 + 9.7). Six of the 12 patients had long-standing sym;r- the study or the patient characteristics apart from the height 
toms (~6 weeks), and the remaining 6 had relatively recent and weight. Left ventricular ejection fraction was calculated 
onset of symptoms (between 1.5 and 2 weeks). The shortest by the area-length method of Dodge et al. (6). The size of the 
interval between any acute ischemic syndrome (prolonged hypocontractile perimeter and the average percent shorten- 
angina at rest or acute infarction) and the preangioplasty ing of the radius to each of five left ventricular segments was 
ventriculogram was I I days. No patient experienced angina quantified with the use of the radial axis model of lngelset al. 
in the laboratory immediately before the baseline left ven- (7). In this model, radii are spaced 5” apart around the 
triculogram. Singte vessel angioplasty was performed in centroid, and radial shortening <2 SD below the mean value 
eight patients and multivessel angioplasty in four. The left for a normal population defines a “hypocontractile seg- 
anterior descending artery was dilated in nine patients, the merit.” The ‘percent hypocontractile perimeter” was de- 
right coronary artery in three and the left circumflex artery in fined as the cumulative length of the hypocontractile seg- 
four. ment divided by the total diastolic ventricular perimeter 
Car&e ea&t&atiou and augiq&&y protoed. Dipyri- excluding the aortic and mitral valves (Fig. I). The percent 
damole (75 mg) and aspirin (325 mg) were given the night radial shortening for five left ventricular segments (antero- 
before the procedure. Lorazepam (2 mg orally and 2 mg basal, anterolateral, apical, diaphragmatic and posterobasal) 
intramuscularly~ was given as premeditation. Immediately was calculated before and after angioplasty. Shortening in 
before insertion of the catheters, sifedipine (10 mg sublin- the segment near the mitral valve was not analyzed. 
gually) was given, followed by a continuous intravenous Guted blood pool scintigraphylradionuclide imaging was 
infusion of nitroglycerin titrated to maintain the mean arte- also performed in five patients at variable times before and 
tial pressure between 88 and 100 mm Hg throughout the after angioplasty using 20 to 25 ml of technetium-99m- 
procedure. labeled human serum albumin injected intravenously fol- 
Coronary angioplasty was performed using either the lowed by standard imaging techniques. At the time of the 
femoral or right brachial artery approach. Left ventriculog- pre- and postangioplasty studies all patients were being 
raphy was performed using an 8F pigtail catheter if the treated with the same oral medication. 
femoral approach was used or through the Stertzer balloon Statistteal analysis. All continuous variables are pre- 
aagioplasty guiding catheter (USCI) if the brachiaf approach seeted as mean values f. SD. The examination of differences 
was used. Balloon dilation catheters and guide wires of between variables measured before and after angioplasty 
variable sizes were used as clinically indicated. The severity was performed using the Student’s paired f test. A P value 
of coronary stenosis was evaluated by measuring the percent x0.05 was considered significant. 
redlrc;ion in luminal diameter from a magnified image of the 
cineartetiogram. AR 12 patients had successful angioplasty, 
defined as a residual stenosis <RI%. After angioplasty, all 
patients were maintained on the same medical regimen with Results 
aspirin (325 mg daily), dipyridamole (75 mg 3 times daily) Changes in h&ual slcnosis and loading c* (Table 
and nifedipine (10 mg 3 times daily). 2). The mean coronary diameter stenosis decreased from 89 
Heart rate was calculated from a Honeywell Electronics 4 9% to 23 z 11% (p C 0.001) after angioplasty. One patient 
for Medicine recording console. Aortic pressure and left (Case 12) had a successful angioplasty of the left anterior 
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Figure 1. Patient 2. The radial axis segmental wall motion analysis of 
the pre- and post-transluminal coronary angioplasty (TCA) ventric- 
ulograms. % Hypo refers to the percent of the ventricular perimeter 
that was hypocontractile. 
descending artery but sustained a total occlusion of ad 
involved moderate-sized diagonal branch. 
Three variables were analyzed fo exclude any major 
d&wnces in loading condirions befween rhe pre- and 
postangioplasry leji venfrictdograms (Table 2): I) The prod- 
uct of the systolic blood pressure and heart rate at the time 
of the ventriculograms was 8,225 2 1,571 (pre) versus 9,235 
+ 1,809 (post) (p = 0.04). This increase suggested a greater 
amount of tension development by the heart after the angio- 
plasty. 2) The area of the left ventricular silhouette in 
diastote did not change significantly (1 IO + 28 versus I04 2 
24 cm*) (p = NS). 3) The left ventricular end-diastolic 
pressure also did not change (17 + 6 versus IS.5 2 5 mm Hg) 
(p = NS). The increase in tension development after angio- 
plasty in the absence of any changes in the preload (diastolic 
area or end-diastolic pressure) suggests that there was an 
increase in contractility. 
Len ventrkulrr ejection fraeW (TabIe 2). Comparison 
of the pre- and immediate postangioplasty ventriculograms 
revealed an increase in global left ventricular ejection frac- 
tion (of >5 percentage units) in seven patients. Five patients 
(Cases 1, 4, 6, 10, 12) exhibited ~5% change in ejection 
fraction. However, Patients I and 4 returned after 4 and 5 
months, respectively, with restenosis for repeat angioplasty; 
the baseline ventriculogram at this time revealed a significant 
increase in global ejection fraction in both patients. The 
mean global left ventricular ejection fraction for the entire 
group before angioplasty was 46 f 20% versus 62 k 19% 
after angioplasty (p < 0.005). The average increase was 11 f 
7%. In the five patients who had radionuclide ventriculogra- 
phy in addition to contrast ventriculography, the ejection 
fraction by nuclear scan increased from 20 2 2% to 28 2 3%. 
ScgmcntaI wail m&n anaIys& (T&k 2). Before angio- 
plasty, all 12 patients had significant localized wall motion 
abnormalities. The mean percentage of left ventricular dias- 
tolic perimeter showing asynergy was 29 i 11% before 
angioplasty versus 10 f 13% after angioplasty; the average 
decrease was 18 + 13% (p c 0.005). 
Analysis of the motion of the individual segments re- 
vealed significant improvement in the segment subtended by 
the successfully dilated artery in 10 of the I2 patients (Fig. 
I). One of the 10 patients (Case 3) showed normal wall 
Tabk 2. Globa: and Regional Wall Motion Before and After Coronary Angioplasty (n = 12) 
Paricnt 
HR x BP 
tx 10) 
Pre/Post 
I* 720&l 
2 660/610 
3 825/l ,032 
4’ 9361960 
5 99411 .oEcl 
6 9c4lm8o 
7 827/1,200 
8 1.100/1.050 
9 8401870 
to 7921720 
II 672/68ll 
I2 5511936 
Diastolic Pre-PTCA 
Area EF 
PrdPOSl AEF 
88189 
11798 
II51128 
Mm7 
108/85 
1411122 
108034 
I I3188 
12l/lOZ 
63166 
MO/143 
1441110 
47/+ I3 
571+2l 
40/+1ll 
691+6 
471+20 
23l+ I 
t9/+8 
61/t I7 
7ut9 
62lt2 
he-Hype- 
conlract 
4 Hype- 
c0ntrac1 
26/-I8 
211-27 
42l-34 
20/- I6 
#i-42 
4010 
431-23 
zw- 20 
Ml- I8 
22!-9 
131-13 
26/+ I 
Segmental Wall Motion (pre-post % radial shortening) 
Antcrobasal Apical Anterolat Diaphragm Poster&as 
47 52 73 77 60 59 12 41 2029 
46 82 31 72 20 63 75 66 45 36 
43 60 -30 53 -49 17 27 64 29 33 
30 61 36 83 63 42 83 65 8060 
41 65 24 80 I 69 54 57 5024 
24 22 -3 -1 I9 I7 26 26 33 31 
21 28 I9 42 24 35 24 25 35 45 
4086 33 90 40 17 66 75 85 67 
82 96 98 IOU 75 92 39 75 I8 39 
63 66 74 61 44 59 I7 35 33 26 
61 73 32 60 46 58 48 59 31 35 
I9 25 33 30 48 55 90 95 13 83 
*The third ventriculogmm is the one included in this analysis. A = the difference between the pre- and poslangioplasty value: anterolat = anterolateral; BP 
= systolic Mood pressure; diaphragm = diaphragmatic: EF = ejection frxtion: Hi7 = heart rate: hypocontract 5 percent of the left ventricular diastolic perimeter 
that is hypocontractile; posterobas = posterobasal. Other abbreviations as in Table I. 
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motion after angioplasty in an area that was frankly dyski- 
netic before angioplasty. In two patients (Cases I and 4) the 
immediate postangioplasty ventriculogram showed no 
change in segmental wall motion. Both patients returned a! 4 
and 5 mouths, respectively, with restenosis for repeat angio- 
plasty and showed dramatic improvement in the segment 
subtended by the previously dilated artery decpite the recur- 
rent stenosis. Two of the 12 patients had no improvement in 
wall motion. Patient 6 had no significant change in any 
ventricular segment and also no improvement in his symp- 
toms despite successful angioplasty of the left anterior 
descending artery. Patient 12 had a successful angioplasty of 
this artery but sustained a total occlusion of an involved 
diagonal artery. This patient had significant improvement in 
the apical segment (subtended by the left anterior descend- 
ing artery), but had a worsening in the anterolateral segment 
(subtended by the diagonal branch). 
FaBaw.up- Follow-up ranged from 6 to 51 months. Eight 
patients are asymptomatic and have not undergone any 
further therapeutic intervention. Three patients returned for 
repeat artgioplasty and are currently asymptomatic. Despite 
the recurrence of stenosis, left ventricular function did not 
deteriorate to the predilation level in any of the these three 
patients. The one patient who had no improvement after 
angioplasty died suddenly 4 months later. 
Discu!3sh 
The impact OF successful transluminal coronary angio- 
plasty on ventricular dysfunction in the setting of an acute 
ischemic syndrome is Favorable (1.2.8). In patients with 
stable coronary disease, several investigators (%t2) have 
shown that ventricular dysfunction induced by exercise 
improves after successful angioplasty. In the majority of 
these studies, kxeline ejection and wall motion were nor- 
mal, and therefore it was not surprising that for the most 
part, RO improvement in ejection Fraction at rest was ob- 
served. However, in the study of Ranemeto et al. (I 1). IR of 
36 patients undergoing angioplasty had an abnormal ejection 
fraction at rest. In 9 of these I8 patients, the ejection fraction 
returned to normal after angioplasty, but regional wall mo- 
lion was oat examined. 
Effect of as@opWy on potentiatty nversibte left ventric- 
ular dysfunction. Our study constitutes the first prospective 
analysis of the effect of angioplasty on hemodynamics at 
rest, global ejection fraction and regional wall motion in a 
series of patients with clinical findings suggestive of chronic. 
but potentially reversible left ventricular dysfunction. It has 
been proposed (13-16) that myocardium that is chronically 
underperfused but still viable may have impaired contractile 
Function at rest that improves after blood flow is restored. 
Our data suggest that restoration of blood flow improved the 
contractility of the underperfused segments. In addition. the 
increase in the rate-pressure product after angioptasty indi- 
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cated a greater tension development by the heart at a time 
when the preload indexes (diastolic area and end-diastolic 
pressure) did not change. Drobinski et al. (17: observed a 
case of regression of anterior and septal wall dyskinesia after 
angioplarty 2.5 months after acute myocardial infarction. No 
data were provided regarding loading conditions or medica- 
tion during the different ventriculographic assessments. 
Carlson et al. (18) observed an increase in left vent-icutar 
ejection fraction in 27 patients undergoing coronary angio- 
plasty. Unfortunately, the report did not characterize the 
patients with regard to acute ischemia and lacked a mgional 
wall motion analysis. More recently. Melchior et ~1. t 19) 
descrrhcd an improvement in the synchronism of ventricular 
relaxation in patients after successful angioplasty of a totally 
occluded coronary artery. Only a modest improvement in 
global ejection fraction was observed and the patients were 
evaluated at different times after the angioplasty. 
Clinical identification of chronic reversibk Lsckmic dys- 
function. The clinical criteria that we applied to identify 
patients who may have had chronic reversible ischemic 
dysfunction (hibernating myocardium (20.211). were derived 
from earlier studies by Gorlin and colleagues (S-16). They 
identified the clinical entity of chronic ischemia by observing 
augmented left ventricular function after caiecholamine in- 
fusion or post extrasystolic ventricular contraction. Those 
individuals who exhibited augmentation. had improved ven- 
tricular function after successful surgical revascularization. 
More recently, nuclear isotopic techniques have been used 
to identify such patients. Akins and Pohost (22) described 
the application OF stress thalium-201 myocardial imaging in 
two patients with severe congestive heart failure but without 
symptoms of angina pectoris. Both patients exhibited a 
reversihle thallium defect suggesting reversible ischemia and 
had significant improvement of ventricular systolic function 
after coronary bypass surgery. Other investigators (23,241 
have further expanded the use of radionuclide ventriculogra- 
phy or positron emission tomography. or both, to identify 
salvageable (‘-hibernating”) ischemic myocardium. 
. Causes of immediate wall motion improvement. In our 
study, the majority of patients experienced immediate im- 
provement in wall motion. Topol. and coworkers (25,26) 
using transesophageal echocardiography. have also ob- 
served rapid resolution after bypass surgery whereas Carl- 
son et al. (18) documented immediate improvement in ven- 
tricular function after revascularization using angioplasty. 
However. it is also possible that catecholamine stimulation 
may explain some of the immediate improvement in left 
ventricular function (27). In our study patients, a repeat 
ventricular function study in the late phase would have 
reinforced our early phase observations. 
The immediate recovery OF systolic function seen in our 
patients suggests a rapidly reversible metabolic cause for the 
depression such as local abnormalities in pH. lactate or 
cyclic ndenosine monophosphate (AMP) concentration (28). 
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In contrast, the delayed recovery in two of our patients may 
be the result of structural causes of dysfunction (291, such as 
decreased beta-adrenergic receptor density (30) or decreased 
volume of contractile protein as suggested by Flameng and 
coworkers (31,321. 
Conclusior~~ Application of easily obtainable clinical 
1’ 
16. 
data identified a subset of patients with hibernating myocar- 
dium, Transluminal coronary angioplasty was useful in re- 
versing the ischemic segmental dysfunction in the majority 
of these patients. The use of angioplasty to increase long- 
term survival in patients with diminished ejection fraction 
and regional wall motion abnormalities must be addressed in 
the future, 
“. 
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